Introduction
Therapeutic endoscopic retrograde cholangiopancreatography (ERCP) remains one of the most complex endoscopic procedures in the non-surgical management of several pancreatobiliary diseases [1] . The main complications arising from therapeutic ERCP are well-recognized and include acute pancreatitis, bleeding, perforation, and cholangitis. The reported incidence of post-ERCP complications varies widely from study to study and ranges for pancreatitis between 1-5%, hemorrhage 1-4%, perforation 1-2% and cholangitis 1-5% [2] [3] [4] [5] [6] . Precise identification of risk factors for complications of ERCP is important because it can improve the safety of the procedure and recognize the high-risk cases in which ERCP should be avoided if possible or in which protective endoscopic (pancreatic stents) or pharmacologic measures should be considered to minimize the rate of post-ERCP pancreatitis (PEP). Moreover, the identification of the procedure's risk factors may also aid in distinguishing patients at low risk for complications who are eligible for therapeutic ERCP on an outpatient basis, thereby reducing the cost of ERCP.
The aim of the present study was to reliably investigate the patient-and procedure-related risk factors of therapeutic ERCP complications by analyzing a large collected dataset in a single center of a single expert endoscopist.
Patients and methods
Data of patients who underwent therapeutic ERCP during the last 8 years (January 2005-December 2012), included in several studies, were retrospectively collected to determine the patient-and procedure-related risk factors for post-procedure complications. Permission to review a database kept for the clinical care of those patients was achieved by the Institutional Review Board of the Hospital. Data contained demographics, clinical history, blood test results, procedural details, technical procedures, procedural findings, diagnosis and grade of severity of post-ERCP complications.
Patients were excluded from the study for any of the following reasons: previous endoscopic sphincterotomy (ES); plastic stent removal; and placement of a new metal or plastic stent in an obstructed metal stent.
All patients were instructed to stop taking aspirin or antiplatelets 7 days prior to the procedure and to contact their physician as to whether they should be replaced with low molecular weight heparin.
ERCP procedure
Patients presented for the procedure at 09.00 after a 12 h fast and remained fasting for at least 24 h after the procedure. Before ERCP all patients or their relatives provided informed consent. All procedures were performed by an experienced endoscopist (P.K.), who has performed more than 400 ERCPs yearly over the last 13 years, using a standard therapeutic duodenoscope. ERCP was performed with patients under conscious sedation with midazolam and pethidine. Hyoscine-nbutyl (Buscopan; Boehringer, Ingelheim Ltd, UK) or glucagon was used as a smooth muscle relaxant at the endoscopist's discretion. Arterial oxygen saturation, heart rate and blood pressure were monitored using automated devices.
For ductal opacification, contrast medium (50% sodium meglumine amide triaroate diluted in distilled water) was injected manually, under fluoroscopic guidance. Pancreatograms were graded according to the extent of pancreatic opacification: main pancreatic duct, first and secondary class pancreatic branches or acinarization. Acinarization was defined as any focal or diffuse pancreatic parenchymal blush of contrast.
Cannulation of the common bile duct (CBD) was firstly attempted with a sphincterotome (Clever-cut; Olympus, Athens). If the endoscopist failed to cannulate the CBD with the sphincterotome after 10 min, a hydrophilic guide wire (Jagwire or Dreamwire; Boston Scientific, Athens) was used for another 10 min. If the techniques failed, a precut access papillotomy was attempted; after catheterization of CBD the procedure was completed with a standard sphincterotome. All ESs were performed via a hydrophilic guide wire to achieve controlled cutting and avoid the "zipper cut" phenomenon. All ESs were done using blended current (cut 45W, coagulation 30W) from an Olympus electrosurgical unit (PSD-30). The length of the ES depended on the indication: small for stent placement, or as large as possible for choledocholithiasis.
Data collected by the endoscopist conducting the procedures comprised: specific details concerning the procedure including the presence of periampullary diverticulum; method of CBD cannulation (sphincterotome, sphincterotome plus hydrophilic guide wire); CBD diameter; type of precut access papillotomy [conventional needle-knife papillotomy (NKP), suprapapillary fistulotomy (SPF) or transpancreatic sphincterotomy (TPS)]; extent of pancreatic opacification; and type of therapy performed.
Venous blood was drawn from each patient for serologic testing for amylase activity using an automated analyzer before the procedure, at 6 h post-procedure in all patients and at 24 h in hospitalized patients.
Definitions
Sphincter of Oddi dysfunction (SOD) was defined according to the revised Milwaukee SOD classification system [7] . Biliary manometry was not performed. Cannulation was considered difficult if more than 10 min were needed to achieve deep CBD cannulation using the sphincterotome with or without the hydrophilic guide wire.
The definition of complications and the grading of their severity were based on consensus criteria [8] . PEP was diagnosed when new-onset or increased abdominal pain lasting more than 24 h caused an unplanned admission of an outpatient for more than one night or prolonged hospitalization of an inpatient and was associated with an at least 3-fold increase in serum amylase at approximately 6 or 24 h post-procedure. Specifically, PEP was graded as follows: 1) mild symptoms lasting 3 days and mildly edematous appearance of the pancreas at computed tomography (CT) scan; 2) moderate, requiring specific therapeutic measures for 4-10 days post-procedure (Balthazar's grade B/C on CT) and 3) severe local or systemic complications lasting longer than 10 days post-treatment (Balthazar's grade D/E or death. CT findings that included presence of either tissue necrosis involving >30% of the pancreatic gland or peripancreatic fluid collection were also used to classify pancreatitis as severe.
Procedure-related hemorrhage was defined as intraprocedural when bleeding occurred during the procedure; Clinical characteristics of the patients are demonstrated in Table 1 , and the two groups were not significantly different between the two groups, except for the history of acute pancreatitis which was statistically more frequent in patients with complications (Table 1) . Choledocholithiasis was the main indication for therapeutic ERCP (Table 1) . Complications were observed in 327 patients (Table 2 ). PEP occurred in 132 patients (4.9%); mild in 102 patients (77.3%), moderate in 22 patients (16.7%), severe in 7 patients (5.3%) and an old woman died from multi-organ failure due to severe PEP (Table 2) . Post-ES bleeding occurred in 122 patients (4.5%); intraprocedural in 85 patients (69.7%), immediate in 9 patients (7.4%), delayed in 27 patients (22.1%) and a 77-year-old man was operated but died from respiratory failure. All cases except one with post-ES hemorrhage were successfully treated conservatively or endoscopically with immediate and delayed when the bleeding was observed in the first 24 h and within 15 days, respectively.
Cholangitis was defined as an elevation in the temperature to more than 38 o C because of a biliary cause without evidence of other concomitant infections.
Follow up
After the procedure, all patients were monitored in the ward with frequent, close and direct contact with the endoscopist who performed the ERCP to decide whether the patient could be discharged. All patients and their escorts were given detailed standardized written information about possible post-procedure complications and family doctors and local hospitals were also informed about the intervention. All were instructed to contact the on-call ERCP staff immediately, should any of the symptoms described arise. Finally, we suggested that the discharged patients should fast (except for water) until the following morning, at which time a clear liquid breakfast could be ingested and followed, if tolerated, by a regular diet. In addition, patients were followed-up in an outpatient clinic or by telephone call on days 1, 10 and 30, post-ERCP to detect any delayed complications.
Study outcomes
The primary study outcome was to investigate patient and procedure risk factors predisposing to the development of complications. The secondary endpoint was the type of PEP (mild, moderate, severe) and type of post-ES bleeding (intraprocedural, immediate, delayed).
Statistical analysis
Categorical variables were analyzed with chi-squared and Fisher's exact tests, as appropriate, while continuous variables were expressed as means with standard deviation (SD) and analyzed using the Student t test. Factors associated with increased risk for complication development were examined by univariate and multivariate analyses and calculated with odds ratio (OR) with 95% confidence interval (CI), using a logistic regression method. Statistical significance was set at P<0.05. Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS, version 16.0, Chicago, IL, USA).
Results
During the study period, 2,837 patients with naïve papilla underwent therapeutic ERCP. Of these, 2,715 were enrolled in the final analysis. One hundred and twenty two patients were excluded because of insufficient data regarding the type of complications and details of the procedure. (Table 2) and resolved with re-endoscopy and removal of residual stones (Table 2) ; one was operated, in one patient the perforation was closed with endoscopic endoclipping [9] and one patient was treated conservatively; all patients had an uneventful course.
Basket impaction occurred in 7 patients (0.26%) ( Table 2) ; one patient with intradiverticular papilla was operated with excellent outcome and in 6 patients the basket impaction was managed successfully by large-balloon (CRE, Boston Scientific, Athens) dilation of the biliary orifice and extraction en bloc of the basket and stone [10] .
Analysis of risk factors was performed only for overall post-ES complications, PEP and post-ES bleeding; the numbers of other complications were too small for further analysis in our series.
Overall complications
A total of 17 variables including nine patient-related factors and eight procedure-related factors were investigated ( (Table 3) .
PEP
Patients with chronic pancreatitis and ampullary cancer were excluded from the analysis of risk factors for PEP because of the very low risk of PEP. Therefore in the final analysis 2,688 patients were included.
Univariate analysis revealed history of acute pancreatitis, either non-ERCP or ERCP-related, to be the only significant patient-related risk factor for PEP (P<0.001, OR 2.14, 95% CI 1.41-4.17) ( (Table 5) .
Age below 40 years, female gender, SOD, difficult cannulation and metal stent placement were not significantly associated with PEP by both analyses (Tables 4 and 5 ).
Post-ES hemorrhage
Univariate analysis showed aspirin/clopidogrel use (P=0.032, OR 1.84, 95%CI 1.45-2.88) and anticoagulant use (P=0.012, OR 1.65, 95%CI 1.15-2.89) as significant risk factors for post-ES bleeding (Table 6 ). However in multivariate analysis, no independent risk factors for post-ES bleeding were found (Table 7) .
Discussion
Diagnostic ERCP has been abandoned with the increased availability of magnetic resonance cholangiopancreatography (MRCP), multidetector helical CT, and endoscopic ultrasound [1] . In contrast, since its introduction forty years ago, therapeutic ERCP continues to remain an essential therapeutic modality for a variety of biliary and pancreatic diseases. Over the last 2 decades significant advances have been made in ERCP, i.e. intensive training, novelties in accessories (hydro- philic guide wires [11] , steerable catheters, diathermy with microprocessors [12] ), which facilitate the cannulation of a desired duct, and contribute to controlled cutting of ampullary sphincter, minimizing the trauma of major papilla. However, the incidence of post-ERCP complications has not changed during last ten years [1, 13] . Therefore, identifying patient-and procedure-related risk factors for post-ERCP complications has a significant impact on clinical practice helping in the implementation of appropriate pharmacological [14, 15] and technical measures [16] [17] [18] (pancreatic stents, ES via hydrophilic guide wire to avoid the "zipper cut" phenomenon) to reduce the likelihood of post-ERCP complications. Moreover, the assessment of risk factors allows better identification of patients who might be candidates for immediate discharge after therapeutic ERCP and might reduce the financial cost of the procedure.
A number of prospective and retrospective multicenter studies [3, 13, [19] [20] [21] [22] have investigated patient-and procedurerelated risk factors of therapeutic ERCP. In this regard, the present study differs from previous studies by investigating therapeutic ERCP-related risk factors because it is the largest study in which all procedures were performed by an experienced pancreatobiliary endoscopist. Moreover, the present study differs from other studies in the respect that the three subtypes of precut access papillotomies were estimated as risk factors for post-ERCP complications.
Univariate and multivariate analysis showed history of acute pancreatitis (ERCP or non-ERCP-related) as the only patient-related risk factor for overall complications and PEP and this finding is consistent with previous studies [2, 5, 23] . Younger age (<40 years), female sex and periampullary diverticulum were not associated risk factors for overall complications, PEP and post-ES bleeding. Although these three patient-related parameters were reported in earlier studies [2, 5, 23] as risk factors for PEP and post-ES bleeding and perforation, more recent studies and multivariate analysis [21, 24] did not consider these parameters per se as risk factors for post-ERCP complications. We believe that it is preferable to perform ES in a periampullary diverticulum via a hydrophilic guide wire; thus, a better control in cutting the sphincter is achieved avoiding post-ES hemorrhage and perforation. Technical variables are of obvious importance as procedure-related factors in overall post-ERCP complications and especially PEP. By both analyses, first-and second-class pancreatic branches and acinarization were independent risk factors for PEP and this is consistent with most previous reports [1, 23] . It is interesting that when visualization is limited to the main pancreatic duct, the risk is not significant. These findings confirm the hypothesis that hydrostatic injury from pancreas overfilling is the main trigger of activation of PEP mechanism [25] .
Precut access papillotomy in the present study was a significant risk factor for overall complications and especially for PEP, a finding not different with previous studies and meta-analyses [6, 22, 23, 26, 27] . It is interesting that when analyzing the influence of the three subtypes of precut access papillotomy, we found that NKP and TPS on both analyses were significant risk factors for PEP. Contrary to this finding, SPF was demonstrated to be related with very low risk of PEP. In this precut access papillotomy subtype thermal injury and subsequent edema at the level of the papilla is avoided, thus preserving pancreatic flow after the cannulation. The choice of type of precut access papillotomy used to achieve CBD cannulation is highly individual. We prefer the SPF technique especially in a protuberant papilla with visible intraduodenal course of CBD.
Surprising, in our study, we found that SOD and difficult cannulations were not risk factors for PEP by both analyses, in spite of the fact that most studies and meta-analyses [2, 3, 5, 6, 13, 21, 22, 24] recorded them as independent predictors of PEP. This difference is explained by the fact that SOD diagnosis in our study was based on clinical and laboratory findings (Milwaukee criteria) and not on sphincter of Oddi manometry. We acknowledge this as a limitation of our study since all our patients were SOD I or SOD II. In these patients the pathogenesis of SOD is probably related to stenosis resulting from passive obstruction at the sphincter of Oddi caused by fibrosis, inflammation, or both. Dyskinesia of the sphincter, which results from intermittent obstruction caused by sphincter muscle spasm, is more common in patients with SOD III. Patients with suspected SOD III but no manometric confirmation were not included in this study and these are the SOD patients that are at greater risk for PEP. Moreover, it is a common belief that papillary trauma from repeated attempts CI, confidence interval to achieve selective bile duct cannulation leads to edema with a subsequent major impact on sphincter hypertension-related impairment of pancreatic drainage and PEP development [26, 28] . Papillary trauma is different when the cannulation is attempted by a trainee, an endoscopist with low experience or a very experienced endoscopist. Therefore, we believe the 10 min of unsuccessful attempts by our experienced endoscopist was not adequate to produce papillary edema and trigger the PEP development and explains our findings that SOD and difficult cannulation are not risk factors for PEP. Although in a recent study [29] covered and uncovered self-expanding metal stent placement (SEMS) was reported as a risk factor for PEP, in the present study we found no association of SEMS placement with PEP. Post-ES bleeding was observed at a rate of 4.5%, in accordance with previous studies [2, 3, 5, 6, 13, [21] [22] [23] [24] , with most bleedings being intraprocedural (69.7%) ( Table 2 ). Because it is our policy to intervene immediately in any ES-related hemorrhage, it is difficult to appreciate the significance of bleeding episodes according to consensus criteria.
We examined as risk factors for post-ES hemorrhage the use of oral anticoagulants and aspirin/clopidogrel, precut access papillotomy with its subtypes and the presence of periampullary diverticulum. Although univariate analysis showed aspirin/clopidogrel and anticoagulant use as risk factors for post-ES bleeding, on multivariate analysis which has more credibility, no relationship was found between the use of drugs influencing the platelet's function or coagulation cascade and post-ES hemorrhage. The guidelines of the European Association of Gastrointestinal Endoscopy (ESGE) [30] recommend that aspirin and other NSAIDs should be continued in patients undergoing ES, especially in patients at high risk of thromboembolic events, because the risk of bleeding is not different between patients with/without their use. However, the recommendations are less clear regarding the use of clopidogrel in endoscopic interventions.
The principal limitations of our study are that the data were collected retrospectively. In addition, the globalization of our findings is questionable because all procedures were performed by an experienced endoscopist, but this does not represent the common practice of an average endoscopist; the synergistic effect of multiple risk factors which might have led to the post-ERCP complications was not analyzed.
In conclusion, our study demonstrates that patient-and procedure-related risk factors for therapeutic ERCP complications could be reduced in the hands of an experienced pancreatobiliary endoscopist.
Summary Box
What is already known:
• Therapeutic ERCP remains one of the most complex endoscopic procedures in the non-surgical management of several pancreatobiliary diseases • Main complications of therapeutic ERCP include acute pancreatitis, bleeding, perforation, and cholangitis • Identifying patient-and procedure-related risk factors for post-ERCP complications has a significant impact on clinical practice
What the new findings are:
• Endoscopist's experience reduces patient-and procedure-related risk factors for post-ERCP complications • History of acute pancreatitis was identified as the only patient-related risk factor for overall complications and post-ERCP pancreatitis • Opacification of first and second class pancreatic ductules, acinarization, precut access papillotomy, and more specifically needle-knife papillotomy and transpancreatic sphincterotomy were significant risk factors for overall complications and especially for post-ERCP pancreatitis • No relationship was found between the use of drugs influencing the platelet's function or coagulation cascade and post-ES hemorrhage
